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 Computational thinking has enabled many new scientific discoveries through the development of 
new algorithms, simulation models, visualization, and novel approaches to summarize the patterns and 
structure of complex systems. In contrast to the natural sciences, the historical social sciences 
(anthropology/archaeology, economics, geography, history, and sociology) pose additional challenges because 
data are often qualitative, vague, inconclusive, and highly uncertain. Existing computational methods reach 
their limits quickly with data for the historical social sciences. The authors are developing geographically-
integrated history methods to overcome these limits by addressing the importance of “place” to integrate data 
as the foundation of knowledge creation about how humans, events, and environments were connected to 
form historical narratives within and across places. Narratives are considered one of the unique and effective 
forms of knowledge and communication. Narratives enhance the understanding of causality by relating it to 
time and place and of the exceptional, such as the emergence of new forms, and they illuminate the factors 
producing innovation and entrepreneurship (Bruner, 1985; Hexter, 1971). Dynamics GIS (geographic 
information systems) and related information and visualization technologies will provide the backbone for 
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understanding geographically integrated complex systems within which social networks developed historically 
(Yuan, 2008). 
 The geographically-integrated history paradigm posits that (1) the history of any place is shaped in 
significant ways by the way the place is connected to other places and by the changes in these connections 
over time (Owens, 2007); (2) historical periods are complex, dynamic, nonlinear systems that are spatially 
large, and in more recent centuries, global in extension, and that sometimes become unstable, leading to a 
phase transition, bifurcation, and the organization of new systems (Puu, 2003; Rosser, 2000); and (3) within 
such systems, people and places are connected by self-organizing networks that are the sources of innovation 
and the emergence of new forms (Burt, 2004; Fujita, Krugman & Venables, 1999; Grabher, 2006; Newman, 
Barabási & Watts, 2006). Although useful for keeping track of the connections of social network to place and 
for spatial analysis and visualization, GIS suffer from four defects that interfere with their use as a basis for 
transforming the historical social sciences. First, GIS is difficult for historical researchers and their students to 
master. Second, current GIS are largely static, and because they are based on space defined by polygons, they 
deal poorly with temporal factors of actant change and movement that are essential to historical study. Third, 
current GIS software does not permit dealing simultaneously with the interactions of more than a few 
variables. And finally, much significant historical data are qualitative, imprecise, contradictory, incomplete, 
uncertain, and otherwise messy and, therefore, difficult to represent in current GIS (Gregory & Ell, 2008).  
 The authors’ goal is to develop computational methods and data models, coupled with new GIS 
frameworks, to address complex, dynamic, nonlinear systems of social networks by geographically integrating 
historical data of many kinds to form narrative knowledge. To transform the research paradigm within the 
historical social sciences, different products will be presented in freely distributed forms that will provide 
interested researchers and their students with access without having to climb over prohibitively high learning 
thresholds. These products will include collaborative protocols, ontologies, tools, algorithms, database models 
of various types with data included, metadata models, digital gazetteer models, examples of mathematical 
modeling to make use of qualitative and different types of flawed data, and an elementary instructional book 
for self-guided tutorial in GIS or for classroom use (an adaptation for the historians of Watry & Ames, 2007). 
Much of this material will be tested through use in the core courses of Idaho State University’s innovative, 
GIS-based graduate program in geographically-integrated history. Thus, our final product will be not only 
advances on a series of interrelated research fronts (described below) but also web-based education materials 
for classroom use and self-training.8 
 The authors’ unusual intellectual partnership is a product of an ongoing research collaboration as 
part of the European Science Foundation’s EUROCORES (European Collaborative Research) Scheme’s 
program “The Evolution of Cooperation and Trading” (TECT). Owens formulated a multinational, 
multidisciplinary TECT project entitled “Dynamic Complexity of Cooperation-Based Self-Organizing 
Commercial Networks in the First Global Age [1400-1800]” (Crespo Solana & Owens, 2008; Owens, 2008).9  
 The authors concentrate their efforts to analyze and visualize historical narratives on the first global 
age (1400-1800) because this complex, dynamic, nonlinear system has disappeared and its outcomes can be 
used in an iterative process to improve our understanding of the system itself and of any models and 
simulations that are created. We focus specifically on cooperation-based commercial networks because since 
the 1960s much economic history has centered on the ideal types “markets” or “institutions”. As it has 
become apparent that neither model produces effective understandings of economic growth, 
entrepreneurship, and innovation, researchers have placed increasing emphasis on the analysis of multi-
dimensional social networks (Grabher, 2006; Schulte Beerbühl & Vögele, 2004). However, due to the absence 
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of adequate computation concepts, data models, and tools, this newer research does not capture adequately 
the dynamism of overlapping networks within a complex, nonlinear system. 
 The authors will reach their goal of developing computational methods and data models coupled 
with new GIS frameworks to address complex, dynamic, nonlinear systems of social networks by 
geographically integrating historical data of many kinds to form narrative knowledge through five interrelated 
activities. 
 1) Connections will be established among crucial concepts (e.g. social networks, business cycles, 
climate change). This is no trivial task within this domain (History) because existing ontologies are not, in 
their current forms, satisfactory. We conceive of the first global age as an open, complex, dynamic, nonlinear 
system that was composed of the sub-systems characteristic of spatially large geographic regions. Although 
these sub-systems can be described in terms of hierarchy and nonlinear dynamics, the hierarchies were largely 
segmented ones within which horizontal links at each level were frequently stronger than vertical links, which 
compromised hierarchical governance and served as a principal basis of nonlinear dynamics in human 
systems. These segmented hierarchies are particularly notable in economic and political institutions, which 
depended on a high level of cooperation in order to function. System stability depended on a small number of 
variables, which we will identify, that were close to instability (Haken, 1983; Puu, 2003; Rosser, 2000). These 
sub-systems were linked and crossed by multiple self-organizing social networks that frequently connected 
with each other in irregular patterns (Ikegami, 2000; White, 1992). Because these networks were the major 
source of innovation and the emergence of new forms, and ultimately of system instability, discontinuity, and 
bifurcation, they are the principal focus of narrative construction. The meaning of any one of these concepts 
when applied to a particular unit of time depends on its connections to the other concepts. This ontological 
research will underpin the development of dynamics GIS, the means to represent and link complex entities 
within databases, agent-based simulations for testing temporal GIS design and the elaboration of complex 
historical narratives for knowledge creation when data are incomplete, and text-mining to extract associations 
among events and places through self-organizing map techniques.  
 2) The authors are developing algorithms and tools for using historical data that are vague, uncertain, 
and incomplete and qualitative data within a computational context. For example, Coppola and Owens have 
begun a collaboration to apply fuzzy logic to the representation of different levels of trust in cooperative 
relationships within 16th-century commercial networks. Besides serving as an exploratory technique for 
understanding networks, this fuzzy modeling serves to link incidents and axioms with concepts (e.g. trust) 
and their relations (e.g. commercial networks) for ontology development. 
 3) For the creation of dynamics GIS for the production of narrative knowledge, new means for the 
representation of data for organizing, storing, manipulating, and recovering them for exploration using 
computational tools must be developed in interaction with the first two tasks. Our focus in this area is the 
development of Kantabutra’s Intentionally-Linked Entities (ILE) database system (Kantabutra, 2007). 
Preliminary results suggest that ILE provides the means to represent complex entities, such as space-time 
blocks linking actant interactions that are frames and elements within which historical social scientists can 
enter pieces of information to build up stories. Moreover, ILE can serve to link interpretations to concepts 
and to establish a relational context establishing the meaning of a concept at different time periods, thus 
becoming a conceptbase. 
 4) Building on the first three tasks, the authors will develop new forms of modeling and simulation to 
represent the inferences of domain experts and create intellectually useful abstractions that increase 
understanding of complex reality. Because they also promise help in overcoming disadvantages of current 
GIS, the project will give early attention to multilevel modeling (Luke, 2004), fuzzy rule-based modeling 
(Zadeh, 1997), and neural networks (an area of expertise of Coppola and Kantabutra). 
 5) From the beginning, the master metaphor for GIS has been the map. For the dynamics GIS it will 
create, the authors will develop new metaphors beyond the map for temporal GIS and new forms of 
visualization. Effective visualization, taking into account both human cognition and art, is necessary for the 
reduction of the cognitive weight when the alternatives are numerous and surpass the capabilities of human 
reason and for the understanding of the evolution of the networks and their geographic environment/sub-
systems. Moreover, the development of effective visualizations for the comprehension and communication of 
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the spatial-temporal form of the world and its processes will be fundamental for the implantation of this type 
of research within the historical social sciences because of the traditional dependence of these disciplines on 
text as the means of presenting results. 
 
Selected Bibliography 
Batty, M. (2005). Cities and complexity: understanding cities with cellular automata, agent-based models, and fractals. 
Cambridge, MA: MIT. 
Brown, C. (2008). Graph Algebra: mathematical modeling with a systems approach. Thousand Oaks, CA: Sage. 
Bruner, J. (1985). Actual minds, possible worlds. Cambridge, MA: Harvard University Press. 
Burt, R. S. (2004). Structural holes and good ideas. American Sociological Review, 110, 349-399. 
Carrington, P., Scott, J. & Wasserman, S. (eds) (2005). Models and methods in social network analysis. 
Cambridge, UK, & New York: Cambridge University Press. 
Crespo Solana, A. & Owens, J. B. (2008). Dynamic complexity of cooperation-based self-organising 
networks in the first global age (DynCoopNet). In: R. Noë, R. Klein, J. Boman & C. Rustat-Flinton (eds), The 
evolution of cooperation and trading (TECT). Strasbourg, FR: European Science Foundation, EUROCORES 
Programme, pp. 23-35. Book downloadable from 
http://www.esf.org/activities/eurocores/programmes/tect.html, accessed on 6 December 2008. 
DAML. DARPA Agent Markup Language, http://www.daml.org/, accessed 10 December 2008. 
Davies, J., Fensel, D. & van Harmelen, F. (eds) (2003). Towards the Semantic Web: ontology-driven knowledge 
management. Chichester, UK, John Wiley & Sons. 
Davies, J., Studer, R. & Warren, P. (eds) (2006). Semantic Web technologies: trends and research in ontology-based 
systems. Chichester, UK, John Wiley & Sons. 
Epstein, J. M. (2007). Generative social science: studies in agent-based computational modeling. Princeton, NJ: 
Princeton University Press. 
Fujita, M., Krugman, P. & Venables, A. J. (1999). The spatial economy: cities, regions, and international trade. 
Cambridge, MA, and London, UK: MIT. 
Gilbert, G. N. (2008). Agent-based models. Los Angeles: Sage. 
Gilbert, N. & Troitzsch, K. G. (2005). Simulation for the social scientist. Maidenhead, UK: Open UP. 
Goodchild, M. & Glennon, A. (2008). Representation and computation of geographic dynamics. In Steward 
Hornsby & Yuan (eds), 13-29. 
Grabher, G. (2006). Trading routes, bypasses, and risky intersections: mapping the travels of ‘networks’ 
between economic sociology and economic geography. Progress in Human Geography, 30(2), 163-189. 
Gregory, I. N. & Ell, P. S. (2008). Historical GIS: technologies, methodologies and scholarship. Cambridge, UK: 
Cambridge University Press. 
Haken, H. (1983). Advanced Synergetics: instability hierarchies of self-organizing systems and devices. Berlin et al: 
Springer-Verlag. 
Hexter, J. H. (1971). The history primer. New York & London: Basic Books. 
Huisman, M. & van Duijn, M. (2005). Software for social network analysis. In: Carrington, P. et al (2005), 
270-316. 
Ikegami, E. (2000). A sociological theory of publics: identity and culture as emergent properties in networks. 
Social Research, 67, 989-1029. 
Ikegami, E. (2005). Bonds of civility: aesthetic networks and the political origins of Japanese culture. Cambridge, UK, & 
New York: Cambridge University Press. 
Kantabutra, V. (2007). A new type of database system: Intentionally-Linked Entities – a detailed suggestion 
for a direct way to implement the entity-relationship data model. CSREA:EEE 2007: 258-263. 
Kauppinen, T. & Hyvönen, E. (2007) Modeling and reasoning about changes in ontology time series. In: R. 
Sharman et al (eds), 319-338. 
Knoke, D. & Yang, S. (2008). Social network analysis. 2nd ed. Los Angeles, CA: Sage. 
Luke, D. (2004). Multilevel modeling. Thousand Oaks, CA: Sage. 
5 
 
MacEachren, A., Gahegan, M., Pike, W., Brewer, I., Cai, G., Lengerich, E. & Hardisty, F. (2004). 
Geovisualization for knowledge construction and decision support. IEEE Computer Graphics and Applications, 
Jan/Feb, 13-17. 
Maguire, D. J., Batty, M. & Goodchild, M. F. (eds) (2005). GIS, spatial analysis, and modeling. Redlands, CA: 
ESRI. 
McMaster, R. B. & Usery, E. L. (eds) (2005). A research agenda for geographic information science. Boca Raton, 
FL: CRC. 
Newman, M., Barabási, A.-L. & Watts, D. J. (2006). The structure and dynamics of networks. Princeton, NJ: 
Princeton University Press. 
Ore, O. (1963) Graphs and their uses. New York: Random House. 
Owens, J. B. (2007). Toward a geographically-integrated, connected world history: employing geographic 
information systems (GIS). History Compass, 5(6), 2014-2040; doi: 10.1111/j.1478-0542.2007.00476.x. 
Owens, J. B. (2008). A multi-national, multi-disciplinary study of trade networks and the domains of Iberian 
monarchies during the first global age, 1400-1800. Society for Spanish and Portuguese Historical Studies: Bulletin, 
32(2), 23-30. 
Peuquet, D. J. (2002). Representations of space and time. New York, NY, and London, UK: Guilford. 
Puu, T. (2003). Attractors, bifurcations and chaos: non-linear phenomena in economics. 2nd ed. Berlin & Heidelberg, 
Germany: Springer-Verlag. 
Raper, J. (2000). Multidimensional geographic information science: extending GIS in space and time. Boca Raton, FL: 
CRC. 
Rosser, J. B. Jr. (2000). From catastrophe to chaos: a general theory of economic discontinuities. Vol. I. 2nd ed. Boston, 
MA: Kluwer Academic. 
Sawyer, R. K. (2005). Social emergence: societies as complex systems. Cambridge, UK, and New York: Cambridge 
University Press. 
Schulte Beerbühl, M. & Vögele, J. (eds) (2004). Spinning the commercial web: international trade, merchants, and 
commercial cities, c. 1640-1939. Frankfurt am Main et al: Peter Lang. 
Smithson, M. & Verkuilen, J. (2006). Fuzzy set theory: applications in the social sciences. Thousand Oaks, CA: 
Sage. 
Sharman, R., Kishore, R. & Ramesh, R. (eds) (2007). Ontologies: a handbook of principles, concepts and 
applications in information systems. New York: Springer. 
Staley, D. J. (2003). Computers, visualization, and history: how new technology will transform our understanding of the past. 
Armonk, NY: M. E. Sharpe. 
Stewart Hornsby, K. & Yuan, M. (eds) (2008). Understanding dynamics of geographic domains. Boca Raton, FL: 
CRC. 
Watry, G. & Ames, D. P. (2007). A practical look at MapWindow GIS. US, UK & CA: lulu.com. 
Watts, D. J. (2003). Six degrees: the science of a connected age. New York & London: W. W. Norton. 
White, H. C. (1992). Identity and control: a structural theory of social action. Princeton, NJ: Princeton University 
Press. 
Yuan, M. (2008). Dynamics GIS: recognizing the dynamic nature of reality. ArcNews, 30, 1 (spring 2008): 1, 
4-5, and http://www.esri.com/news/arcnews/spring08articles/dynamics-gis.html, accessed on 12 December 
2008. Reprinted in GIS best practices: essays on geography and GIS. Redlands, CA: ESRI, 2008, pp. 17-24, and 
http://www.esri.com/library/bestpractices/essays-on-geography-gis.pdf, accessed on 12 December 2008. 
Yuan, M. & Stewart Hornsby, K. (2008). Computation and visualization for understanding dynamics in geographic 
domains: a research agenda. Boca Raton, FL: CRC. 
Zadeh, L. A. (1997). Toward a theory of fuzzy information granulation and its centrality in human reasoning 
and fuzzy logic. Fuzzy Sets and Systems 90, pp. 111-127. 
